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Abstract—We derive new expressions for the connection prob-
ability and the average ergodic capacity to evaluate the perfor-
mance achieved by multi-connectivity (MC) in an indoor ultra-
wideband terahertz (THz) communication system. In this system,
the user is affected by both self-blockage and dynamic human
blockers. We first build up a three-dimensional propagation
channel in this system to characterize the impact of molecular
absorption loss and the shrinking usable bandwidth nature of
the ultra-wideband THz channel. We then carry out new per-
formance analysis for two MC strategies: 1) Closest line-of-sight
(LOS) access point (AP) MC (C-MC), and 2) Reactive MC (R-
MC). With numerical results, we validate our analysis and show
the considerable improvement achieved by both MC strategies
in the connection probability. We further show that the C-MC
and R-MC strategies provide significant and marginal capacity
gain relative to the single connectivity strategy, respectively, and
increasing the number of the user’s associated APs imposes
completely different affects on the capacity gain achieved by the
C-MC and R-MC strategies. Additionally, we clarify that our
analysis allows us to determine the optimal density of APs in
order to maximize the capacity gain.
Index Terms—Terahertz communication, multi-connectivity,
directional antennas, dynamic blockage.
I. INTRODUCTION
Terahertz (THz) communication has been envisioned as a
highly promising paradigm to support wireless data applica-
tions which demand ultra-high-speed transmission [1]. These
applications, such as wireless virtual reality, augmented reality,
and ultra-fast wireless local-area-networks, are beyond the
reach of millimeter wave (mmWave) communication. This
undoubtedly drives the need of communication at 0.1-10 THz
band. Built on the major progress in THz hardware design and
THz communication standardization over the past decade, it
is anticipated that indoor THz communication systems will be
brought to reality in the near future [2].
Despite the promise, designing ready-to-use THz commu-
nication systems brings new and pressing challenges that have
never been seen at lower frequencies [3]. For example, THz
signal propagation suffers from very high spreading loss and
molecular absorption loss [4]. Particularly, the latter is highly
frequency-selective and divides the THz band into multiple
ultra-wideband transmission windows. Notably, the bandwidth
of each transmission window shrinks with longer transmission
distance [5]. Moreover, the THz signal propagation is highly
vulnerable to blockage, including the blockage caused by the
user itself, moving humans, and inherent indoor constructions
(e.g., walls and furniture) [6]. All such factors lead to unique
propagation characteristics at the THz band, which mandates
the design and development of new communication and signal
processing mechanisms.
One promising solution to addressing the reliability degra-
dation caused by blockage in THz communication systems is
to use multi-connectivity (MC) strategies. Under MC, users
are allowed to maintain dynamic association with available
access points (APs) for ensuring user session continuity. Due
to its importance, the impact of MC on the performance of
mmWave communication systems has been examined in recent
studies, e.g., [7]–[10]. Particularly, if the reactive MC (R-MC)
strategy is adopted, where the user switches its communication
from the current AP to another AP only when the current
AP is blocked, has found considerable improvement in the
outage probability and capacity [9], [10]. However, given the
fundamental difference between mmWave channels and THz
channels, the feasibility of using the R-MC strategy in THz
communication has not been investigated, which is one of the
motivations of this work.
In this paper, we present new analysis to evaluate the
impact of MC strategies on the performance of an indoor
ultra-wideband THz communication system where the user
equipment (UE) suffers from both self-blockage and dynamic
human blockage. For this system, we establish a three-
dimensional (3D) propagation model where we consider both
the spreading loss, determined by 3D propagation distances,
and the molecular absorption loss, reflecting the shrinking
usable bandwidth nature of the ultra-wideband THz channel.
Under such consideration, we derive new expressions for
the connection probability and the average ergodic capacity
for two MC strategies, namely, closest line-of-sight (LOS)
AP MC (C-MC) strategy and R-MC strategy. Different from
the R-MC strategy, the UE under the C-MC strategy always
communicates with the closest LOS AP, while maintaining
association with several APs. Here, the connection probability
is defined as the probability that at least one associated AP
is LOS such that the UE can connect and communicate
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Fig. 1. Top view of a 3D THz communication system where a UE associates
with non-blocked APs.
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Fig. 2. Side view of a single AP-UE link in the considered 3D THz
communication system.
with. Aided by numerical results, we demonstrate that our
analysis is accurate and a considerably improved connection
probability is achieved by MC strategies, relative to the single
connectivity (SC) strategy. Moreover, we find that the C-MC
strategy achieves a significantly higher capacity gain over
the SC strategy than the R-MC strategy. Furthermore, we
reveal that when the UE is associated with more APs, the
capacity gain achieved by the C-MC strategy increases while
that achieved by the R-MC strategy decreases, sometimes even
below zero. This worsening capacity behavior for the R-MC
strategy demonstrates the impracticality of using it for THz
communication, especially at low density of APs, which is
different from the conclusion for mmWave communication.
Finally, we clarify that there is an optimal density of APs
to maximize the capacity gain of MC strategies, the value of
which can be determined by using our analysis.
II. SYSTEM MODEL
In this work, we consider a 3D THz communication system,
as depicted in Figs. 1 and 2. Specifically, Fig. 1 shows the top
view of the considered system where a UE associates with
THz APs that are not blocked by the UE itself nor by moving
humans, while Fig. 2 shows the side view of a single link from
an AP to a UE. The UE is of height hU and assumed to be
stationary. The APs are of fixed height hA and their location
follows a Poisson point process (PPP) in R2 with the density
of λA. Moving humans in the area of interest acts as potential
blockers. These humans are modeled as cylinders with the
radius of rB and height of hB and their location follows another
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Fig. 3. Usable bandwidth as a function of distance [5].
PPP with the density of λB. Considering the practicality of
THz communication system, we assume that hA > hB > hU.
We assume that the mobility of humans follows the random
directional model (RDM). Based on this model, a moving
human randomly selects a direction to travel in and a time
duration for this travel [11]. Similar to [10], in this work we
assume that the moving speed is vB. If a blocker is moving
as per the RDM model in a given area in R2, the probability
density function (PDF) of the location of blockers is uniform
over time [11]. As such, at any given time instant, the location
of blockers forms PPP with the same density, λB.
A. Propagation Model
The signal propagation at THz frequencies is determined
by spreading loss and molecular absorption loss [4]. The path
loss of an arrival ray in the 3D THz channel is given by
L(f, x) =
(
4πfx
c
)2
eKabs(f)x, (1)
where f is the operating frequency, c is the speed of light, x
and x are the 2D and 3D propagation distances between the
UE and the AP, respectively, with x =
√
(hA − hU)2 + x2,
and Kabs(f) is the frequency-dependent absorption coefficient
of the transmission medium. Here, (4πfx/c)
2
represents
spreading loss and eKabs(f)x represents molecular absorption
loss. In this work, we use the absorption coefficient values
which are calculated according to [12] for the standard atmo-
sphere with 10% humidity.
The impact of molecular absorption loss on the THz band
is two-fold. First, as shown in [5, Fig. 1], the whole THz
band is divided into multiple ultra-wideband transmission
windows, due to the intermittent absorption loss peaks which
are observed throughout the THz band at different frequencies.
Second, path loss varies drastically even within a specific
ultra-wideband transmission window, and this variation further
increases when transmission distance increases. As a result, the
usable bandwidth within the transmission window of interest
becomes narrower for longer transmission distance. In this
work, we refer to the usable bandwidth as the bandwidth
where the path loss variation is within 3 dB. Fig. 3 shows the
path loss corresponding to one transmission window (0.99−
1.09 THz) for different transmission distances. Specifically,
the available bandwidth drops from 91.46 GHz to 58.65 GHz
when the transmission distance increases from 1 m to 10 m.
In this work, we concentrate on one ultra-wideband trans-
mission window when THz communication occurs. Consider-
ing the aforementioned distance varying nature of the usable
bandwidth within an ultra-wideband transmission window, we
assume that both the UE and the AP choose the appropriate
usable bandwidth according to the transmission distance. Also,
through utilizing the usable bandwidth, instead of the total
transmission window, at different transmission distances, the
broadening effect of broadband signals can be restricted within
reasonable limit [13]. Moreover, in this work we focus on the
LOS rays of THz signals. This is because when signals are
propagated at THz band frequencies, the direct ray dominates
the received signal energy, due to the high directional nature
and the high reflection loss of THz beams [13]. Furthermore,
in this work we assume that the considered system is noise-
limited such that the interference from other APs is not
considered. We clarify that this is a valid assumption in
3D THz communication systems since both the interfering
probability and the power from interfering APs are minimal,
due to the high directionality of APs and the extremely high
path loss in THz transmission.
B. Blockage
THz waves are highly susceptible to blockages and can
be blocked even by the UEs themselves. In our system, we
consider that the blockage of an AP-UE link is caused by
either the UE itself, referred to as self-blockage, or the dynamic
human blockers.
1) Self-Blockage: Self-blockage plays a significant role in
determining THz system performance. Notably, self-blockage
may lead to the fact that some APs surrounding a UE are
totally inaccessible, even if they are within close proximity.
Against this background, we define the zone which is not
blocked by the UEs themselves as “non-self-blockage zone”
[14], as shown in Fig. 1 with a non-self-blockage angle of
ω = 2π − ω0. We consider that the UE only associates with
the APs which are located in its non-self-blockage zone.
2) Dynamic Human Blockage: The LOS link between an
AP and the UE is blocked if at least one blocker appears in
the LOS blockage zone of the AP-UE link. This area can be
approximated by a rectangle between the UE and the AP with
sides of 2rB and d(x), as shown in Figs. 1 and 2, where
d(x) =
hB − hU
hA − hUx+ rB. (2)
Therefore, the LOS probability of an AP-UE link with a 2D
distance x is the same as the void probability of Poisson
process in the LOS blockage zone, which is given by
pL(x) = e
−2rBλBd(x) = ζe−βx, (3)
where ζ = e−2λBr
2
B and β = 2λBrB(hB − hU)/(hA − hU).
Apart from the LOS probability, we are also interested in the
statistics of time duration within which a specific AP remains
blocked or non-blocked, which is necessary for our analysis
under different MC strategies. To this end, as explained in
[10], the time duration that an AP remains blocked or non-
blocked is modeled by an alternating renewal process, where
tLOS and tNLOS denote the random variables characterizing a
non blockage and blockage time duration, respectively [15].
Since blockers enter the LOS blockage zone according to a
Poisson process, the time duration an AP remains unblocked
follows an exponential distribution with the temporal density
of µB(x), where µB(x) = 2rBvBλBd(x) [10]. Accordingly, the
mean of a single non blockage time duration is calculated as
E[tLOS;x] = 1/µB(x).
It is noted that the LOS probability pL(x) in (3) can be
interpreted as the fraction of time that the UE is connected
with the AP at the distance x. Therefore, for a given AP-UE
distance x, pL(x) can be re-expressed as
pL(x) =
E[tLOS;x]
E[tLOS;x] + E[tNLOS;x]
. (4)
Thereafter, by jointly considering (3) and (4), the mean of a
single blockage time duration, E[tNLOS;x], is expressed as
E[tNLOS;x] =
1− ζe−βx
2ζrBvBλBd(x)e−βx
. (5)
C. Connectivity Strategies
In this work, we investigate two N -degree MC strategies
while considering the SC strategy as the benchmark. Under
the SC strategy, the UE only associates with its closest AP in
its non-self-blockage zone. As such, if the LOS link between
the UE and its closest AP is blocked, the UE is in outage.
Different from the SC strategy, the UE under N -degree MC
strategies selects the N closest APs in its non-self-blockage
zone and associates with them for user session continuity. At
any given time instant, even if more than one out of such N
APs are in LOS, the UE only connects and communicates with
one LOS AP. At the same time, the UE maintains the rest of
the LOS APs as active backup APs to enable instantaneous
AP re-association with negligible switching time, whenever
the currently connected AP is blocked.
Our considered two MC switching strategies are as follows:
• C-MC: Under this strategy, out of the N associated
APs, the UE always connects and communicates with
the closest LOS AP at any time instant.
• R-MC: Under this strategy, the UE switches its connec-
tion and communication from the current AP to another
AP, only when the current AP is blocked. By the end of
this switching, the UE connects and communicates with
the closest LOS AP out of the N associated APs.
We note that the C-MC strategy can provide the best perfor-
mance but lead to frequent AP switching, while the R-MC
strategy is a “lightweight” solution in terms of software and
hardware implementations.
D. Distance Distribution of APs
In this subsection, by considering self-blockage, we derive
the conditional joint PDF of the distances to N closest APs.
This result will be used in the next section to determine
the connection probability and the ergodic capacity of MC
strategies. In this derivation, we consider the APs are located
farther than R0 from the UE, e.g., R0 = 1 m for indoor
THz systems. This consideration is necessary to bring the
benefits of MC strategies to the considered system. Indeed,
if the distances between the UE and some APs are short, e.g.,
less than R0, the LOS blockage zone is very small, which may
lead to the fact that such APs are LOS always and there is no
need for the UE to switch its communication among APs.
Let APi denote the ith closest AP from the UE and xi de-
note the distance between APi and UE, where i ∈ {1, · · · , N}.
The conditional PDF of the distance from the UE to the closest
AP, i.e., AP1, is given by
f(x1) = ωλAx1e
ω
2
λAR
2
0e−
ω
2
λAx
2
1 . (6)
The conditional PDF of the distance from the UE to AP2,
given that AP1 is at distance x1, is given by
f(x2|x1) = ωλAx2e−ω2 λA(x
2
2
−x2
1). (7)
Using (6) and (7), the conditional joint PDF of the distances
from the UE to the closest and second closest APs, i.e., AP1
and AP2, is derived as
f(x1, x2) = f(x2|x1)f(x1)
= (ωλA)
2x1x2e
ω
2
λAR
2
0e−
ω
2
x2
2 . (8)
Thereafter, by reapplying the procedure used for deriving
f(x1, x2) from f(x1) for N − 1 times and continuing
along the line, the joint PDF of AP1 to APN , denoted by
f(x1, x2, · · · , xN ), is derived as
f(x1, x2, · · · , xN ) = (ωλA)Neω2 λAR
2
0
N∏
i=1
xie
−
ω
2
x2
N . (9)
III. ANALYSIS OF CONNECTION PROBABILITY AND
ERGODIC CAPACITY
A. Connection Probability
1) Single Connectivity: For the SC strategy, as the UE
only associates with its closest AP, connection cannot be
established if the LOS link between the UE and its closest
AP is blocked. As such, for an AP-UE distance of x1, the
connection probability at the UE is given by
pc(x1) = pL(x1) = ζe
−βx1 . (10)
Considering that the location of APs follows a PPP, the average
connection probability for the SC strategy is derived as
pc,SC = Ex1 [pc(x1)] =
∫
∞
R0
pc(x1)f(x1)dx1
= ζe−βR0
[
1− β
√
π
2λAω
e̟
2
erfc (̟)
]
, (11)
where erfc(·) denotes the cumulative error function and ̟ =
(β + λAR0ω)/
√
2λAω [16].
2) Multi-Connectivity: Considering that the blockage pro-
cess of each link is independent and AP1 · · · APN are at dis-
tances x1, · · · , xN from the UE, respectively, the connection
probability at the UE is given by
pc(x1, x2, · · · , xN ) = pL(x1, x2, · · · , xN )
= 1−
N∏
i=1
(1− pL(xi)) = 1−
N∏
i=1
(1− ζe−βxi). (12)
Therefore, the average connection probability for theN -degree
MC strategy is derived as
pc,MC =
∫
∞
R
∫
∞
x1
· · ·
∫
∞
xN−1
(
1−
N∏
i=1
(
1− ζe−βxi)
)
× (ωλA)N eω2 λAR
2
0
N∏
i=1
xie
−
ω
2
x2
NdxN · · · dx1, (13)
which can be calculated numerically. It is noted that in our
considered system, the two N -degree MC strategies achieve
the same connection probability since switching time is as-
sumed to be negligible during AP re-association.
B. Ergodic Capacity
1) Single Connectivity: Due to the frequency dependant
nature of the THz wideband, we decompose the received
signal power as the sum of powers of sub-bands, where each
sub-band channel is narrow and has a flat band response.
Hence, the wideband capacity when the UE is connected and
communicated with an AP at distance x is calculated as the
sum of capacity of each sub-band, which results in
C(x) =
NB(x)∑
η=1
∆f log
(
1+
PT,η(x)GAGUL
−1(fη, x)
∆fN0
)
, (14)
where NB(x) is the total number of sub-bands within the
usable bandwidth corresponding to distance x, ∆f = 1 GHz
is the width of each sub-band, PT,η(x) is the transmit power
in the ηth sub-band with the total transmit power PT =∑NB(x)
η=1 PT,η(x) being fixed, GA and GU are the antenna gains
at the AP and the UE, respectively, N0 is the additive white
Gaussian noise power, and L−1(fη, x) is given by (1).
It is noted that as the AP and the UE utilize distance-
aware bandwidth adaptation, NB(x) is different from one
transmission distance to another. Thus, using (14) and the
blockage probability in (10), we derive the average ergodic
capacity for the SC strategy as
CSC=Ex1 [pc(x1)C(x1)] =
∫
∞
R0
pc(x1)C(x1)f(x1)dx1, (15)
which can be calculated numerically.
2) Multi-Connectivity: Given that AP1 · · · APN are at
distances x1, · · · , xN from the UE, respectively, the ergodic
capacity of the N -degree Ψ-MC strategy, where Ψ ∈ {C,R},
is written as
CNΨ−MC (x1, · · ·, xN )=pL (x1, · · ·, xN )
[
N∏
i=1
γΨ,iC(xi)
]
, (16)
Fig. 4. The absorbing Markov chain model for the reactive AP switching
process.
where γΨ,i represents the percentage of time that the UE is
connected to APi within the total non-outage duration when
the Ψ-MC strategy is utilized. We clarify that the ergodic
capacity for the C-MC strategy is different from that for the
R-MC strategy. This is due to the fact that within the total
non-outage time duration, the percentage of time that the UE
is connected with a particular AP for one strategy is different
from the other, i.e., γC,i 6= γR,i.
Using (16), the average ergodic capacity for the Ψ-MC
strategy is written as
CNΨ−MC =
∫
∞
R
∫
∞
x1
· · ·
∫
∞
xN−1
CNΨ−MC(x1, · · · , xN )
× f (x1, · · · , xN ) dxN · · · dx1. (17)
We next derive γΨ,i for the two N -degree MC strategies.
⊲ C-MC: The RDM model indicates that the blockers
moving according to this model in a certain area is distributed
uniformly in this area [11]. As such, the percentage of the time
a UE stays connected with APi within the total non-outage
duration for the C-MC strategy, γC,i, is given by
γC,i =
pL(xi)
∏i−1
j=1 (1− pL(xj))
pL (x1, x2, · · · , xN ) . (18)
By substituting (18) into (16) and using (17), the average
ergodic capacity of C-MC strategy is obtained.
⊲ R-MC: In this strategy, the UE first communicates with its
closest LOS AP, out of the N associated APs, and switches
to another when the current AP is blocked. This switching
process continues in a reactive manner among the N APs
until the time instant where all the N APs are blocked, which
leads to outage. While waiting in outage, once an AP comes in
LOS, the UE starts to communicate with this AP; from there
onwards, the switching pattern continues as aforementioned.
As indicated in [10], this AP switching process can be modeled
as an absorbing Markov chain which is depicted in Fig. 4,
where state i represents ith closest AP and the absorbing state,
state A, represents the outage when all the N APs are blocked.
To parameterize the absorbing Markov chain in Fig. 4, it is
necessary to identify the matrix U that contains the transition
probabilities between the transient states 1, · · · , N and the
initial state vector b. Given that AP1 · · · APN are at distances
x1, · · · , xN from the UE, respectively, the element in the
TABLE I
VALUE OF SYSTEM PARAMETERS USED IN SECTION IV
Parameter Symbol Value
Height of APs and UE hA, hU 3.0 m, 1.2 m
Height and radius of blockers hB, rB 1.7 m, 0.3 m
Antenna gains GA, GU 25 dBi, 25 dBi
Non self-blockage angle ω pi
Speed of blockers vB 1 ms
−1
Blocker density λB 0.2 m
−2
Transmission windows W1 0.99− 1.09 THz,
W2 3.34− 3.49 THz
Transmit Power PT 20 dBm, 30 dBm
ith row and jth column of U, where i ∈ {1, · · · , N} and
j ∈ {1, · · · , N}, is given by
uij =
{
pL (xj)
∏j−1
k=1 (1− pL (xk)) , if i 6= j,
0, otherwise.
(19)
As explained in [10], it is cumbersome to derive an exact
expression for the elements of b, since the AP that initiates
the chain following the absorbing state depends on the last
AP of the previous chain. By disregarding this dependency
and establishing that bi is proportional to the mean duration
of the blockage period [10], the ith element in b is given by
bi =
E [tNLOS;xi]∑N
j=1 E [tNLOS;xj ]
, i ∈ {1, · · · , N}. (20)
We note that γR,i can be characterized by the mean of
times that the absorbing Markov chain visits a transient state
i before reaching the absorbing state. Based on the Markov
chain theory [17], this mean can be determined by the elements
of the fundamental matrixD = (I−U)−1 and the initial state
vector b. Therefore, using (19) and (20) and rectifying the
oversight in [10, Eq (62)], we derive γR,i as
γR,i =
N∑
j=1
bjdj,iE [tLOS;xi]∑N
k=1 dj,kE[tLOS;xk]
. (21)
Finally, by substituting (21) into (16) and using (17), the
average ergodic capacity of R-MC strategy is obtained.
IV. NUMERICAL RESULTS AND DISCUSSION
In this section, we present numerical results to evaluate the
impact of MC strategies and parameters on the performance
of the considered system with SC being the benchmark. The
values of the parameters used in this section are summarized
in Table I, unless specified otherwise.
Fig. 5 plots the connection probabilities of the SC strategy
with N = 1 and the N -degree MC strategy with N = 2,
3, and 4 versus the density of APs, λA. We first observe
that the connection probability significantly increases when N
becomes higher. This demonstrates the reliability performance
improvement brought by the MC strategy relative to the
SC strategy. Second, we observe the profound increase in
the connection probability when λA is larger. This implies
that a denser deployment of APs can effectively overcome
the detrimental impact of self-blockage and dynamic human
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blockage. Notably, when λA is large, e.g., λA = 1.5 × 10−2,
it is possible to achieve a high connection probability, e.g.,
95%, even for N = 2. Third, we observe that our analysis
well match the simulations, especially for the SC strategy with
any λA and for the MC strategy with low and medium λA,
which demonstrates the correctness of our analysis. When λA
is high, our analysis for the MC strategy slightly overestimate
the connection probability. This is due to the fact that our
analysis is under the assumption that the blockage process
from different APs are independent of each other. However,
for high λA, non-negligible dependencies appear such that the
LOS blockage zones of different AP-UE links overlap with
each other, which yields the slight overestimation.
Fig. 6 plots the average ergodic capacity of the C-MC
strategy versus λA considering the transmission window of
0.99−1.09 THz and the total transmit power of PT = 20 dBm.
As expected, the average ergodic capacity becomes noticeably
higher whenN increases from 1 to 2, which shows the benefits
of the MC strategy relative to the SC strategy. Moreover, we
note that the average ergodic capacity gain brought by further
increasing N from 2 to 4 is marginal. This marginal gain
in capacity, along with the profound increase in connection
probability when λA is larger, which is observed in Fig. 5,
implies that for the MC strategy, it may not be worthwhile to
allow the UE to associate with more than two closest APs
at higher AP densities. Furthermore, we again observe the
benefit of a denser deployment of APs and the correctness
of our analysis.
In order to precisely examine the performance improvement
brought by the MC strategies relative to the SC strategy, we
now define the capacity gain of the MC strategies relative to
the SC strategy as
∆CNΨ =
CNΨ−MC − CSC
CSC
, (22)
where Ψ ∈ {C,R}. Fig. 7 plots ∆CNC and ∆CNR versus
λA for the transmission window of 0.99 − 1.09 THz with
PT = 20 dBm. Moreover, the zero capacity gain is plotted
in this figure. We first observe that relative to the SC strategy,
the C-MC strategy achieves a large capacity gain while the R-
MC strategy achieves a small capacity gain, e.g.,∆CNC ≈ 10%
while∆CNR ≈ 2%when λA = 1.5×10−2 andN = 2. This ob-
servation indicates that the C-MC strategy significantly outper-
forms the R-MC strategy in THz communication systems. This
observation is due to the fact that under the C-MC strategy, the
UE always communicates with the closed LOS AP but under
the R-MC strategy, the UE may communicate with a farther
LOS AP. Indeed, the distance is a key factor governing the per-
formance of THz communication systems given that it narrows
the usable bandwidth and increases molecular absorption loss.
Second, we observe that when N increases, ∆CNC increases
but ∆CNR decreases. The observation for the C-MC strategy is
expected since under this strategy, associating with more APs
gives the UE more opportunities to maintain the high-capacity
communication when the current AP is blocked. Differently,
under the R-MC strategy, associating with more APs gives
the UE a higher chance to communicate with a farther LOS
AP. This leads to the fact that the percentage of time that
the UE communicates with the closest LOS AP reduces, thus
decreasing the capacity. Third, we observe that for some cases,
e.g.,N = 4 and small λA,∆C
N
R gain is less than 0. This shows
the impracticality of using the R-MC strategy for the THz
communication system with a low density of APs. Finally, we
observe that there exists the optimal density of APs which
maximizes the capacity gain for both MC strategies. Notably,
this optimal density can be determined by using our analysis.
To evaluate the capacity gain within a different transmission
window, Fig. 8 plots ∆CNC and ∆C
N
R versus λA for the
transmission window of 3.34− 3.49 THz with PT = 30 dBm.
Once again, we observe in Fig. 8 that ∆CNC > ∆C
N
R ,
increasing N increases ∆CNC but decreases ∆C
N
R , and the
optimal density of APs maximizes the capacity gain, which is
similar to Fig. 7. Apart from these similar observations, we
further observe that although PT increases from 20 dBm in
Fig. 7 to 30 dBm in Fig. 8, the capacity gains achieved by the
C-MC and R-MC strategies are worse when the transmission
window increases from 0.99− 1.09 THz to 3.34− 3.49 THz.
This implies that, using wider transmission windows of higher
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THz band as compared to transmission windows of lower THz
band, do not yield any additional improvement in capacity gain
for MC strategies, due to the increased molecular absorption
loss at higher THz frequencies. In addition, we observe that
the capacity gains achieved by the R-MC strategy is negative
even for medium λA, which is dfferent from Fig. 7. This is
due to the combined effect of the molecular absorption loss
which becomes more severe when the transmission frequency
increases, and the reactive switching nature of the R-MC
strategy. This again shows the impracticability of using the
R-MC strategy for higher THz frequencies.
V. CONCLUSION
We analyzed the performance achieved by MC strategies
which are used to combat the non-connection effect caused by
self-blockage and dynamic blockage in THz communication
systems. Specifically, we developed a new analytical frame-
work to evaluate the connection probability and the average
ergodic capacity achieved by C-MC and R-MC strategies.
Using numerical results, we demonstrated the accuracy of
our analysis and revealed several insights. First, comparing
to the SC strategy, using MC strategy leads to a considerable
improvement in the connection probability. Second, the capac-
ity gain brought by the C-MC strategy over the SC strategy
is significant, while that brought by the R-MC strategy is
marginal. Third, increasing the number of associated APs leads
to a higher capacity gain for the C-MC strategy, but a lower
or even negative capacity gain for the R-MC strategy. Thus, it
may not be practical to use the “lightweight” R-MC strategy in
THz communication systems, which is different from the con-
clusion drawn for mmWave communication systems. Fourth,
the optimal density of APs that maximizes the capacity gain
can be determined by using our analysis.
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